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DYNAMICS 


Qi. Define dynamics? 
Ans: Dynamics: 
‘The branch of mechanics that deals with the study of motion of an object and 
the cause of its motion is called dynamics. 
Q2. Define force. 
Ans: Force: 
A force moves or tends td move, stops or tends to stop the motion of a body. 
The force can also change the direction of motion of a body. 
F = ma 
SI unit of force is newton. 
Note: A force can also change the shape or size of a body on which it acts.) 
Q3. Define inertia. Perform an experiment to understand inertia?” 
OR a Wo 
What is the law of inertia? _— 2 Oy 
Ans: See Q # 3.4 from Exercise. a V 
Q4. Puta one rupee coin over a piece) r cant paper placed on an empty 
glass. Push the card with-a)sudden’stroke of finger. Card will move 
ahead while the coin falls.in the glass. Why it does so? 
Ans: Due to inertia card-wilt continue its motion in the forward direction while coin 
will remainoat rest-and will fall in the giass. 
Q5. Definemomentum. 
Ans: \Momentum: 
~,Momentum of a body is the quantity of motion it possesses due to its mass 
and velocity. 


The momentum P of a body is given by the product of its mass m and 


velocity v, Thus 


Q6. 


Ans: 


Q7. 


Ans: 


P = mv 
Momentum is a vector quantity. Its SI unit is kgms7?. 
Momentum of a system depends on its mass and velocity. 
A bullet has a very small inertia due to its small mass. But why 
does its impact is so strong when it is fired from the gun? 
According to the law of conservation of momentum mass of bullet is much 
smaller than the gun therefore the recoil is much greater than the velocity of 
gun. Therefore the impact of bullet is very strong. 
Why the impact of a loaded truck on a body coming its way is very 
large even if the truck is moving slowly. 
Greater is the mass of truck greater will be its momentum. Therefore loaded 
truck has large impact. i 
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Q8. Explain Newton’s first law of motion by practical examples of daily 
life? 
Ans: Newton's laws of motion: ` 

A body continues its state of rest or of uniform motion in a straight line 
provided no net force acts on it. 
Examples: 

Case I (Part I): 

According to Newton's first law of motion, a body at rest remains at rest 
provided no net force acts on it. This part of the law is true as we observe that 
objects do not move by themselves unless someone moves them. For example, a 
book lying on a table remains at rest as long as.no net force acts on it. 

Case II (Part II): 

Similarly, a moving object does not stop moving by itself. A bali rolled on a 
rough ground stops earlier than that rolled on a smooth ground. It is because rough 
surfaces offer greater friction. If there would be no force to oppose the motion of a 
body then the moving body would never stop. 

Q9. Why Newton's first law of motion is also known as law of ine ertia? 
Ans: Since Newton's first law of motion deals with the inertial propert fr 
therefore, Newton's first law of motion is also known as law of ine 7 
Q10. Why the passengers standing in a bus fall fo 
applies brakes suddenly? 
Ans: The passengers standing in a bus fal ñ its driver applies brakes 
suddenly. It is because the upper parts. lies tend to continue their motion, - 
while lower parts of their aga j n ththe bus stop with it. Hence, they fali 
forward. a> 
Q11. When a bus takes-a sharp turn, passengers fall in the outward 
direction. re 
Ans: esa nen turn, passengers fall i in the outward direction. It is 


thus all outwards. 
Define net force? g 


Q12. 
Ans: Netforce: 
Net force is the resultant of all the forçes acting on a body. 
Q13. State and prove Newton’s second law'df motion. 
OR 
Show that F = ma. 
Ans: Newton's second law of motion: 

When a net force acts on a body, it produces acceleration in the body in the 
direction of the net force. The magnitude of this acceleration is directly proportional 
to the net force acting on the body and inversely proportional to its mass. 
Derivation of formula F = ma: 

if a force produces an acceleration ‘a’ in a body of mass ‘m’, then we can 
state mathematically that 


and Se (ii) 
By combining (i) and (il) 


SEDINFO.NET 


StudyNowPk.COM 


F 


or ax— 
m 
or F x ma 
Putting k as proportionality constant, we get 
F = kma 0... (iii) 
In SI units, the value of k comes out to be 1. Thus Eq. (iii) becomes 
F = ma 


Q14. Define SI unit of force? 
‘Ans: SI unit of force: 

SI unit of force is newton (N). 
Newton (1 N): 

One newton (1 N) is the force that produces an acceleration of 1 ms~? in a 
body of mass of 1kg. 

Thus, a force of one newton can be expressed as 

1N = 1kg x 1ms~? 

or IN = 1kgms~? 
Q15. Differentiate between mass and weight. 
Ans: See Q # 3.3(i) from Exercise. 


DO YOU KNOW? 


When a bus takes a sharp turn, passengers fallin the i 
outward direction. It is due to inertia that they want tod contiriue 
their motion in a straight line and thus fall outwards.” J 


Q16. Explain Newtons third law of motion by practicat examples of daily 
life? Wy ime 
Ans: Newton’ s third law of motion: 

\\To every reaction there is always an equal but opposite reaction. 
Explanation: 

Newton's third law of motion deals with the reaction of a body when a force 
acts on it. Let a body A exerts a force on another body B, the body B reacts against 
this force and exerts a force on body A. The force exerted by body A on B is the 
action force whereas the force exerted by body B on A is called the reaction force. 

Note that action and reaction forces act on different bodies. 

Examples: 
Book lying on a table: 


Consider a book lying on a table. The weight of the book is sci on the 
table in the downward direction. This is the action. The reaction of the table acts on 
the book in the upward direction. 


Action of the book and reaction on it 
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An air-filled balloon: 

Take an air-filled balloon. When the balloon is set free, the air inside it 
rushes out and the balloon moves forward. In this example, the action is by the 
balloon that pushes the air out of it when set free. The reaction of the air which 
escapes out from the balloon acts on the balloon. it is due to this reaction of the 
escaping air that moves the balloon forward. 

Taking off a rocket: 

A rocket such moves on the same principle. When its fuel burns, hot gases 

escape out from its tail with a very high speed. The reaction of these gases on the 


rocket causes it to move opposite to the gases rushing out of its tail. 


Stretch out your palm and hold a book on it. 
1. How much force you need to prevent the book from falling? 
Ans: The force which is needed to prevent the book from falling is equal to the 

weight of the book. i.e. R = W 
2. Which is action? 

Ans: The weight of the book acting in a downward direction is called acti X 

3. Is there any reaction? If yes, then what is its direction?) IN 

Ans: Yes, the force applied to prevent the book from falling)is calted the reactional 
force. The reactional force is acting in pi “ey dicection. Opposite to the 

weight of bookie. R = W i" 

Q17. What do you know about tension\and acceleration i ina string? 
Ans: Tension and acceleration ina ‘astring: 

Consider a block. we arted by a string. The 
upper end of the string is-f fixed ona stand. Let w be the 
weight of the ‘block. <The block pulis the string 
downwards by its) Aweight. This causes a tension T in 
the string. Thectension T in the string is acting upwards 
at the block. As the block is at rest, therefore, the weight 
of the block acting downwards must be balanced by the 
upwards tension T in the string. Thus the tension T in Bhd 
the string must be equal and opposite to the weight w of Weight ofthe block puts the 
the block. 
Q18. Calculate the tension and acceleration in a string during motion of 

` bodies connected by the string and passing over frictionless pulley 
using second law of motion? 
Ans: Vertical motion of two bodies attached to the ends of a string that 
passes over a frictionless pulley: 

Suppose two bodies A and B having masses m, and m; respectively are 
connetted to two ends of an inextensible string which passes over a frictionless 
pulley. If m, is greater than mz, then the body A will move downward and the body B 
will move upward. 

Two forces are acting on the body A: 
(i) its weight w, = m,g, acting downward. 
(ii) Tension of string T, acting upward. È 
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Since the body A moves downwards, hence its weight m,g is greater than the 
tension T in the string. 
Net force acting on body A= m,g — T 
According to Newton's second law of motion: 


mg-T=ma a. (i) 
Two forces are acting on the body B: 
(i) Its weight w2 = mg, acting downward. 


(ii) Tension in the string ‘T’, acting upward. 
As body B moves upwards, hence its weight mg 
is less than the tension T in the string. 
Net force acting on body B=T - m,g 
According to Newton's second law of motion; 
T-—mg=m aq ae. (ii) 
Adding Eq. (i) and Eq. (ii), we get acceleration a. 
Mg - M29 = M,a + Mea 
(M: - M2)g = (mM, + maja 


. à mı- m 
Magnitude of acceleration = a = — z 


my me I emee (iii) 
Putting the value of ‘a’ in Eq. (ti) we get, 
- = (m,—m2)g9 
Panar m] 
armeg) 


T=mgqt+tm ( 
29 2 m,y+m2 


= Mm ,—™? 
T= mg [2 + maT] 


miı+mz+m; -m2 i 
T=mg | mtm UO 
Pm, m2 
T= g 


Magnitude of te 

Note: 

Atwo achine: 
he above arrangement is also known as Atwood machine. it can be used 

to find the acceleration g due to gravity using Eq. (iii), 

mı + M2 


= —— a 
mı- m 


DO YOU KNOW 


An Atwood machine is an arrangement of two 
objects of unequal masses such as shown in figure. 
Both the objects are attached to the ends of a string. 
The string passes over a frictionless pulley. This 
arrangement is sometime used to find the acceleration 
due to gravity. 
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Q19. Calculate the tension and acceleration in a string during motion of 
two bodies attached to the ends of a string that passes over a 
frictionless pulley such that one body moves vertically and the 
other moves on a smooth horizontal surface: 

Ans: Motion of two bodies attached to the ends of a string that passes 
over a frictionless pulley such that one body moves vertically and 
the other moves on a smooth horizontal surface: 

Consider two sccies > arc B o masses m; and m, respectively attached to 
the ends of an inextens.oie sng 

Let the boay A moves cownwards with an. 
acceleration a. Since the string .s imextensib!e. therefore, 
body B also moves ove: the "onzorta. surface with the 

Same acceleration. As the pulley » fr-ctioniess nence 

tension 7 wii be tne same throucg*oct tre string. 

Since body A moves downwards ‘rerefore its weight mig 

is greater than t^e ters.) OT tre stong 

Net torce acung or ody A= myy- T 
According to Newton's secord law of motion; 
mg-T= ma A) sire 

The forces acting on body B are: > : 
i. Weignt m:g of the Dody B acting do 
ii. Reaction # of the henzontal surf 

direction a <x ; 
iii. Tension 7. in the. j 2A ling, fe body B horizontally over the 


smooth surface 
As body B has ngs al Motion. hence resultant of vertical forces (m29 and 
R) must be zero. t force acting on body Bis T. 

Acco 


t wton's second law of motion; 
: = Mou (it) 
Meir Eq. (i) and (ii), we get acceleration a as 
mig — Ma= ma 
"oy = mya + ma 
mi =a(m; + my) 
int) 


Putting the value cv or Pa arn ost 1ension 7 as 
é te J è aM 
Magn: tude > ar im 
Q20. Show the relationship between momentum and force OR Drive 
Newton's Second Law of motion with the help of momentum. 


m., 


a= 


Ke 


Mar N 


a 


OR 
Provethat F = x, ; 
OR 
How can you relate a force with the change of momentum of a 


body? 
Ans: See Q #437 from Excerce-se 
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Q21. Show that Ns = Kgm/s OR Ns =Kgms"” 
Ans: LHS=Ns =(1kgxims* )xs =Kgxms*"' 
=Kgxms' =Kgmis 


USEFUL INFORMATION 


Fragile objects such as glass wares etc. are packed with suitable materials 
such as styrofoam rings, balls, polythene sheets with air sacks etc. 

Air enclosed in the cavities of these materials makes them flexible and soft. 
During any mishap, they increase the impact time on fragile objects. An increase in 
impact time lowers the rate of change of momentum and hence lessens the impact 
of force. This lowers the possible damage due to an accident. 


USEFUL INFORMATION 


In an accident at high speed. the impact force is very large due to the 
extremely short stopping time. For safety purposes, vehicles have rigid cages for 
passengers with crumple zones at their front and rear ends. \ 

During an accident, crumple zones collapse. This increases pact time 
by providing extra time for crumpling. The impact of force \ y reduced and 
saves the passengers from severe injuries. l ij 


In case of an accident, a persor seatbelt will continue moving 
until stopped suddenly by something ore him. This something may be a 
windscreen, another passen of the seat in front of him/her. Seatbelts are 
useful in two ways: VERS, 


an exte nal force to a person wearing seatbelt. 
j at time is required for stretching seat belts. This prolongs the 
‘time for momentum to change is and reduces the effect of 


Q22. Defi ne system and isolated system? 
Ans: System: 

A system is a group of bodies within certain boundaries. 
Isolated system: 

An isolated system is a group of interacting bodies on which no external 
force’ is acting. The momentum of an isolated system is always conserved. This is 
the Law of Conservation of Momentum. 

Q23. What is the law of conservation of momentum? 
OR 

State and explain the law of conservation of momentum? 

Ans: See Q#3.11 from Exercise. 

Q24. When a gun is fired, it recoils. Why? 

Ans: See Q # 3.13 from Exercise. 

Q25. Under which principle rockets and jet engines works? 
Ans: Working of rockets and jet engines: 
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Rockets and jet engines also work òn the same principle. In these machines, 
hot gases produced by burning of fuel rush out with large momentum. The machines 
gain an equal and opposite momentum. This enables them to move with very high 
velocities. 

Q26. What do you know about friction? 
Ans: Friction: 

The force that opposes the motion of moving objects is called friction. 

Friction is a force that comes into action as soon as a body is pushed or 
pulled over a surface. 

Factor on which friction depends: 

in case of solids, the force of friction between two bodies depends upon 
many factors such as nature of the two surfaces in contact and the pressing force 
between them. 

Examples: 

Rub your palm over different surfaces such as table, carpet, polished marble 
surface, brick, etc. You will find smoother is the surface, easier it is to move your 
palm over the surface. Moreover, harder you press your palm over the surface, 
more difficult would it be to move. 

Q27. Have you noticed why a moving ball stops? 
Ans: Moving ball stops due to force of friction. . 3 
Q28. Why bicycle stops when the cyclist oe peddlin ren 
Ans: Bicycle stops due to force of friction. — m> 
Q29. Why friction opposes mouon } 


Ans: Microscopic concep : 
No surface erfectly smooth. A surface that appears smooth has pits and 
bumps that can bé seen under a microscope. Figure shows two wooden blocks with 


verge d st 


A magnified view of the two surfaces in contact 


A magnified view of two smooth surfaces in contact shows the gaps and 
contacts between them. The contact points between the two surfaces form a sort of 
colt welds. These cold welds resist the surfaces from sliding over each other. 
Adding weight over the upper block increases the force pressing the surfaces 
together and hes#e increases the resistance. Thus, greater is the pressing force 
greater, will be the friction between the sliding surfaces. 
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Tidbits 
Pushing the opposite walls by palms and feet increases friction. This enables 
the boy to move up on the walls. 


Q30. What you know about limiting force of friction? 
Ans: See Q # 3.18 (ii) from Exercise. 
Q31. What do you know about the coefficient of friction? 
Ans: Coefficient of friction (u): 

The ratio between the force of limiting friction F, and the normal reaction R is 
constant. This constant is called the coefficient of friction and is represento d u 
Thus H = = (i) 


or Fo=uR aa (ii) 

If m be the mass of the block, then for horizontal surface, 
R = mg (iii) A 

Hence F, = umg (iv) 


Q32. Describe two situations inWwhić 
Ans: See Q#3. bs from Exercise. 


CE E: 
Rubber and Conroe þe  — — 
Sesiang Sea! 
= 


œ 


Wood and Metal 0.2 
Wood and Concrete Í 


1. Which shoe offer less friction? 
Ans: The smooth surface shoe offer less friction. 
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2. Which shoe is better for walking on dry track? 
Ans: The smooth surface shoe is better for walking on dry track. 
3. Which shoe is better for jogging? 
Ans: The rough surface shoe is better for jogging. 
4. Which sole will wear out early? 
Ans: The smooth surface sole will wear out early. 
Q34. Why rolling friction is less than sliding friction? 
OR 
Demonstrate that rolling friction is less than sliding friction? 
Ans: See Q # 3.17 from Exercise. 
Q35. The first thing about a wheel is that it rolls as it moves rather than 
to slide. This greatly reduces friction. Why? 
Ans: When the axle of a wheel is pushed, the force of 
friction between the wheel and the ground at the point of 
contact provides the reaction force. The reaction force acts 
at the contact points of the wheel in a direction opposite to 
the applied force. The wheel rolls without rupturing the cold 
welds. That is why the rolling friction is extremely small 
than sliding friction. 
Q36. Why ball bearing or roller bearings a are e used 
to reduce friction? A 
Ans: The fact that rolling friction is le 
friction is applied in ball bearings, On 
reduce losses due to friction. m 
Q37. Friction isa ‘necessary evil’! Comment. 
Ans. In certain cases we-r T sed Malon while in certain other 
we have to reduce sfriction. It means friction has some 
advantages as’ well as disadvantages. It is difficult to walk 
on ices ibécalse of less friction. A nail stays in the wood 
because of friction similarly we can tie a knot because of 
this force. A horse will not be able to pull a wagon unless friction furnishes him a 
secure foot-hold. 
Friction causes energy lost and reduces the efficiency of mdchihes. Friction causes 
rapid wear and tear. 
In short we can say that friction is necessary for our every-day activities. Thus, the 


statement that “friction is necessary evil” is correct. 
The wheel would not roll on pushing it if there would be no friction between 


the wheel and the ground. Thus, friction is desirable for wheels to roll over a 
surface. 


Q38. Why it is dangerous to drive on a wet road? 
it is dangerous to drive on a wet road because the friction between the road 


and the tyres is very small. This increases the chance of slipping the tyres from the 
road. The threading on tyres is designed to increase friction. Thus, threading 
improves road grip and make it safer to drive even on wet road. 

Q39. Why a cyclist applies brakes to stop his/her bicycle? 

Ans: Acyclist applies brakes to stop his/her bicycle. 


A Bali Bearing 
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As soo” as brakes are appiec the weess sicr “Oo rg and begir io slide 
over tha wan Qinap : am FO me 


il e a a “7 fection Therefore. 


= QUICK QUI, f 


1. Why is it easy to roll a cylindrica! eraser on a paper sheet than to 


tan ar: 
-x 


slide it? 
Ans: The fact that rolling friction is iess than siding "7 cion Cyibndaicai eraser !s a 
rolling body and can easily rolied 27 a 2 „ur “~e@et than to siide it Because a 


rolling friction is the force of friction neiwee~ a'o mg body and a surface 
over which it rolles 

2. Do we roll or slide eraser to remove the penci! the work from our 
notebook? 

Ans: The fact that sliding friction 1s greater tnan rolling friction We slide the eraser 
to remove the pencil work from our note bcok 

Q40. Explain breaking force and skidding of vehicles? 

Ans: See Q #2 18 (iii & iv) from Exercise 


(i) rolling 
In case of rolling friction we need 


slimes friction is most desirabie. We cannot write if there would be no 
friction between paper and the pencil Friction enac.<s us to walk on the ground. We 
cannot run cn a siippery ground 

A slippery ground offers very litte triction. mence. anybody who tries to run 
on a slippery ground may meet an accident. Similarly, tt is dangerous to apply 
brakes with full force to stop,a fast moving venicie o^ a slippery road. 

Birds could not fly, if there is no air resistance. The reaction of pushed air 
enables the birds to fly. Thus in many situations, we “eed friction while in other 
situations we need to reduce it as much as possibie. 

Q42. Write a dream during which you are cviving a car and suddenly the 
friction disappears. What happened next...? 

Ans: if suddenly the friction disappear then we can not. stop the car. Nothing 
would be steady on the ground, car would be just sliding and sliding. 

Q43. Describe the advantages of friction? 

Ans:. Advantages of friction in daily life: 
1. It enables animals to walk or crawi without slipping. 
2. It Stops cars, trains, bicycles, MRT trains etc. 
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3. It enables us to hold things firmly with our hands. 

4. It prevents objects from sliding down a slope. 

5. It allows nails to hold things. 

Q44. What are the disadvantages of the friction? 
Ans: Problems caused by friction: 

1. It causes energy lost and reduces the efficiency of machines. 

2. It causes rapid wear and tear of the moving parts of machines. 

Most of our useful energy is lost as heat and sound due to the friction 
between various moving parts of machines. In machines, friction also causes wear 
and tear of their moving parts. 

Q45. What are the methods to reduce friction? 
Ans: See Q # 3.16 from Exercise. 


DO YOU KNOW? 


Friction is highly desirable when climbing up a hill. 
Q46. Define uniform circular motion? 
Ans: Uniform circular motion: 
The motion of an object in a circular path is known as circular moti 
Motion of the moon around the Earth is circular motion. l ~*~ 
Q47. Define centripetal force. Derive the relation of è 
a body moving in a circle? 
Ans: Centripetal force: 
Centripetal force is a force that k 
The centre seeking force is called petal force. It keeps the body. to 
move in a circle. Cen i 


the body. A a i 
Examples: > 
© Let us st > centripetal forces in the following examples: 
(i) a stone tied to one end of a string rotating in a circle. The tension in the 


g pi ovides the necessary centripetal force. It 

keeps the stone to remain in the circle. If the 
string is not strong enough to provide the 
necessary tension, it breaks and the stone 
moves away along a tangent to the circle. 

(ii) The moon revolves around the Earth. The 
gravitational force of the Earth provides the 
necessary centripetal force. 

Derivation of centripetal force: 

Let a body of mass m moves with uniform speed 
vin a circle of radius r. The acceleration a, produced by the centripetal 


force F, is given by 


2 . 
Centripetal acceleration a, = = iuas (i) 
According to Newton's second law of motion, the centripetal force F. is given by 
Fo = ma, (ii) 
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Factors on which centripetal force depends: 


Equation F. = me shows that the centripetal force needed by a body moving 
in a circle depends on: 

i. The mass m of the body. 

ii. Square of velocity v. 

iii. Reciprocal of the radius r of the circle. 

Q48. What is centrifugal force? Explain. 
Ans: Centrifugal force: 

The centripetal force pulls the object towards the centre of the circle. As a 
reaction, another force appears at the centre of the circle which is equal in 
magnitude to the centripetal force but opposite in direction. This outward reaction is 
called centrifugal force. 

According to Newton's third law of motion, there exists a reaction to this 
centripetal force. Centripetal reaction that pulls the string outward is sometimes 
called the centrifugal force. ’ X 
Example: e WAN 

if we whirl a piece of stone tied to one end of a nee 


force preventing them to’ mow eb ra the circle. 

Q49. Identify thie’ fuse 2 Òf C centripetal force in (i) safe driving by banking 
roads (ii) washing machine dryer (iii) cream separator. 

— / Banking of the roads: 

je curvature of the road must be inclined so as to control the Centrifugal 

force of the Vehicle. 

Banking of road means to make the road to slide towards the center of 
curvature with an angle. It is helpful because if the velocity of car is more or there is 
less friction between the tyres and the road which 
reduce the danger of car to move out of circular track. 
Explanation: 

When a car takes a turn, centripetal force is 
needed to keep it in its curved track. The friction 
between the tyres and the road provides the 
necessary centripetal force. The car would skid if the 
force of friction between the tyres and the road is not 
sufficient enough particularly when the roads are wet. 


. > . Outer edge of $ 
This problem is solved by banking of curved roads. the curved road is elevated to 
ii. Washing machine dryer: prevent ee: 


. The dryer of a washing machine is basket 
spinners. They have a perforated wall having large numbers of fine holes in the 
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cylindrical rotor. The lid of the cylindrical container is closed after putting wet clothes 
in it. When it spins at high seed the water feom gread oar aus 
these holes due to lack of . 


é me -'móla m 
WD LITE 


Figure: Dryer of washing 
r.achines has perforated wall, 


iii. Cream separator: 

Most modern plants use a separator to control the fat contents f various 
products. A separator is a high-speed spinner. It acts on the Same, prir le of 
centrifuge machines. The bow! spins at very high speed ising the /heavier 


contents of milk to move outward in the bowl pushing tae Dey e “cont ents inward 


towards the spinning axis. < yy 
Cream or butterfat is lighter than a ‘Components in milk. Therefore. 


skimmed milk, which is denser than cream iS llected at the outer wall of the bowl. 


The lighter part (cream) is goo" ate M rds Aé centre from where it is collected 
through a.pipe. 4 aS 
= Aih 


"SUMMARY F 


1.. A tree is a push or pull. It moves or ‘ends tc move. stops or tends to stop 
the motion of a body. 

2. Inertia: Inertia of a body s ts property due to which it resists any change in 
its state of rest or uniform motion in a straight linc. 

3. Momentum: Momentum of a body is the quantity of motion possessed by: 
the body. Momentum of a body is equal to the product of its mass and 
velocity 

4. Friction: The force that opposes the motion of a body is called friction. 

Newton's first law of motion: Newton's first law of motion states that a body 

continues its state of rest or of uniform motion in a straight line provided no 

net force acts on it. 

6. Newton's second law of mUtion: Newton's second law of motion states 
that when a net force acts on a body, it produces acceleration in the body in 
the direction of the net force. The magnitude of this acceleration is directly 
proportional to the net force acting on it and inversely proportional to its 


mass. Mathematically, F = ma. 


ap pal 
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Unit of Force: SI unit of force is newton (N). It is defined as the force which 
produces an acceleration of 1 ms? in a body of mass 1 kg. 
Mass: Mass of a body is the quantity of matter possessed by it. It is a scalar 
quantity. St unit of mass is kilogramme (kg). 
Weight: Weight of a body is the force of gravity acting on it. It is a vector 
quantity. SI unit of weight is newton (N). 
Newton's third law of motion: Newton's third law of motion states that to 
every action there is always an equal and opposite reaction. 
The acceleration and tension in a system of two bodies attached to the ends 
of a string that passes over a frictionless pulley such that, both move 
vertically are given by: 
_ my- ms, , a 
Oem 7 I TS mom 
The acceleration and tension in a system of two bodies attached to the ends 
of a string that passes over a frictionless pulley such that one moves 
vertically and the other moves on a smooth horizontal surface are given by: 
mı — mm, 
maim I r= m+ mə r NZ 
Law of conservation of momentum: Law of conservation ofnomentum 
states that the momentum of an isolated system of twé ore than two 
interacting bodies remains constant. R 
Friction: A force between the sliding objects whic 
motion between them is called friction. \ | 
Rolling friction: Rolling friction isc force of friction between a rolling 
body and a surface over Àit rolls. Rolling friction is lesser than the 
sliding friction. ; 
The friction cause: 
done in overcomi 


‘opposes the relative 


sS of ‘energy in machines and much work has to be 
ng it: Moreover, friction‘ leads to much wear and tear on the 


moving, parts, of the machine. The friction can be reduced by: 
Wp A ‘Smoothing the sliding surfaces in contact. 
Ji Using lubricants between sliding surfaces. 


(iii) | Using ball bearings or roller bearings. 

Circular motion: The motion of a body moving along a circular path is 
called circular motion. 

Centripetal force: The force which keeps the body to move in a circular 
path is called the centripetal force and is given 

Fo =a 

Centrifugal force: According to Newton's third law of motion, there exists a 
reaction to this centripetal force. Centripetal reaction that pulis the string 
outward is sometimes called the pees force. 


‘QUESTIONS 


Encircle the correct answer from the given choices: 
Newton's first law of motion is valid only in the absence of: 
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A. force B. net force 
C. friction D. momentum 
ii. Inertia depends upon 
A. force B. net force C. mass D. velocity 
iii. A boy jumps out of a moving bus. There is a danger for him to fall: 
A. towards the moving bus 
B. away from the bus 
C. in the direction of motion 
D. opposite to the direction of motion 
iv. A string is stretched by two equal and opposite forces 10 N each. 
The tension in the string is. 


A. zero B. 5N 

C. 10N D. 20 N 
v. The mass of a body: 

A. decreases when accelerated 

B. increases when accelerated 

C. decreases when moving with high velocity 

D. none of the above 


vi. Two bodies of masses m; and mz attached to the’ € nds of an 
inextensible string passing over a frictionle $$ ypullii such that 
both move vertically. The acceleration. of the bodies is: 

A. mıx mz : g. & ah Ío Mı- mz 

A Ta 

vii. | Which of the follow e unit of momentum? 

A. Nm bh B. kgms“ 

C. Ns me D. Ns" 
viii. When ho ulls a cart, the action is on the: 

rent B. Earth 
horse D. Earth and cart 


ix. Which of the following material lowers friction when pushed 
between metal plates? 
A. water 
C. air 


B. fine marble powder 
D. oil 


3.2 Define the following terms: _ 
(i) Inertia (ii) Momentum (iii) Force 
(iv) Force of friction (v) Centripetal force 
Ans: (i) Inertia: 
Inertia of a body is its property due to which it any change in its state of rest 


or motion. 
Galileo related the inertia of a body with its mass; greater is the mass of a 


body greater is its inertia. 
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Inertia x mass of body 
(ii) Momentum: 
Momentum of a body is the quantity of motion it possesses due to its mass 
and velocity. 
The momentum P of a body is given by the product of its mass m and 
velocity v, Thus 
P = mv 
Momentum is a vector quantity. Its SI unit is kgms~?. 
Momentum of a system depends on its mass and velocity. 
(iii) Force: 
A force moves or tends to move, stops or tends to stop the motion of a body. 
The force can also change the direction of motion of a body. 
F = ma 
SI unit of force is newton. 
Note: A force can also change the shape or size of a body on which it acts. 
(iv) Force of friction: 
Friction: 
The force, that opposes the motion of moving objects is called friction. 


pulled over a surface. 
Factor on which friction depends: 

In case of solids, the-force of friction betw bodies depends upon 
many factors such as nature of the two surfa n 
between them. 
(v) Centripetal force: 


Ans: Centripetal force: 
Centripetal resis af at keeps a body to move in a circle. 


The centr ek rce is called the centripetal force. It keeps the body to 
move in a circle. tripetal force always acts perpendicular to the motion of the 


a s 
mv? 
F, = — 


7 
3.3 What is the difference between: 


(i) Mass and weight 
(ii) Action and reaction 
(iii) Sliding friction and rolling friction 
i Mass and weight: 
Mass | i 
1. The quantity of matter contained in a 


1. Weight is the force with which earth 
body is called its mass. attracts a body towards its centre. 


2. The mass of a body remains constantj2. The weight of a body is not constant 
everywhere, whether it is measured at a|quantity but its value is different at different 
point far away from the centre of the!places. 
earth, or on the surface at the centre of 
the earth. 


Ans:_ 


SEDINFO.NET 


StudyNowPk.COM 


[3. Mass is a scalar quantity 13. Weight is a vector quantity and is) 
hal directed towards the centre of the 
ee tearth, ww! 
\4,_ The S.1_unit of mass is kilogram. _,4._The S.I, unit of weight is Newton 
5. Mass is measured by ordinary |5. Weight is measured by spring balance — | 
balance. i 


6. mass of the body cannot be zero te. Weight of the body can be zero 1e. at! 
‘the centre of the earth and in space where’ 


See ee Tae ee _.g=0.SoW=mg=mx0=0 — _. 
7. It is the measure of inertia in a body. 7. Weight is given by W= "mg 


g : 
(ii) Action and reaction: 

Newton's third law of motion deals with the reaction of a body when a force 
acts on it. Let a body A exerts a force on another body B, the body B reacts against 
this force and exerts a force on body A. The force exerted by body A on B is the 
action force whereas the force exerted by body B on A is ca’'ad the reaction force. 

Note that action and reaction forces act on different bodies. 
Example: 

Action and reaction forces act on different objects 
directions. For example, if the rocket pushes the gas i 
against the rocket. The forces are on different objects) (the.gas, and the rocket, 
respectively), and in opposite directions. 
(iii) Sliding friction and rolling fricti 
Sliding friction: , 

A force between the lidi obj which opposes the relative motion 
between them is called sliding 
Rolling friction: 


cgi the force of friction between a rolling body and a surface 


Rolli 
ap ic KA ing friction is lesser than the sliding friction. 
tis the law of Inertia? 


jad nertia: 
inertia of a body is its property due to which it any change in its state of rest 


` or motion. — 
Galileo related the inertia of a body with its mass; greater is the mass of a 


body greater is its inertia. 
: Inertia x mass of body 
Experiment: 

Take a glass and cover it with a piece of cardboard. Place a coin on the 
cardboard. Now kick the card horizontally with a jerk of your finger. 


The coin falls into the glass as the card flicks away 
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The coin does not move with the cardboard due to inertia. The coin falls into the 
glass as the card flicks away. 


Experiment: 


Cut a strip of paper. Place it on the table. Stack a few coins at its one end. 
Pull out the paper strip under the coins with a jerk. 


Coins stacked over remain undisturbed on pulling the paper strip quickly 
Coins staked over remain undisturbed on pulling the paper strip quickly due 
to inertia. 
3.5 Why is it dangerous to travel on the roof of a bus? 
Ans: Because the friction force due air acting on tne upper part of body t e person 
who travelling on the roof of the running bus try to turn over which is dange io) 


}erous for 
passenger while the lower portion remain at rest w.rt. the r roo axe 
inertia. 


G \ gi» 
3.6 | Why does a passenger move outward when a bus takes a turn? 
Ans: An inward net force is required to ma aA Vircle. This inward net 
force requirement is known as a centripetal ement. in the absence of any 
net force, an object in motion (such ger) continues in motion in a 


straight line at constant spee bsence of necessary centripetal force a 
passenger moves yon GBS akes a turn. 


3.7 How can orce with the change of momentum of a 
e g momentum: 


ider a body of mass m moving with initial velocity v;. Let a force F acts 
Ody which produces an acceleration a in it. This changes the velocity of the 


body. Let its final velocity after time t becomes vr. If P;, and P; be the initial 


momentum and final momentum of the body related to initial and final velocities 
respectively then 


: P= mv, 
anad P= 


Ans: 


noe. 
Cnange in momentum = +: 


uf a 


Va m™oMentus rual momentum 
Thus the rate of cha.ge in momentam is given by: 
Py: Py _ Mvp- my, 


t t 
vj- Vi 


Since ıs the rate of change of velocity equal to the acceleration a 
produced by the force F. 


Py 


= mau 
{ 
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According to Newton's second law of motion, 
F = ma 

or A LSP asen O) 
Equation (i) also defines force and states Newton's second law of motion as: 

When a force acts on a body, it produces an acceleration in the body and will 
be equal to rate of change of momentum of the body. 
3.8 What will be the tension in a rope that is pulled from its ends by 

~ two opposite forces 100 N each? 
Ans: Tension in the rope and its force pulls equally at both the ends. 
If no forces are acting on the rope except its ends, and the rope itself being in 
equilibrium, then the tension is the same throughout the rope. 


F =0 


3.9 Action and reaction are always equal and opposite. Then how does 
a body moves? 

Ans: Actions and reactions (forces acting on an object) are equal and opposite 

when the object is at equilibrium. When we apply external force to pull, 

twist, the equilibrium is disturbed means, now the magnitude @of at 

provided by you) and reaction (force provided by the objects) isine tec 

why it is possible to twist, pull, move and push the > object'in the direction of applied 

force. T g> 

3.10 A horse pushes the cart. If the action and reaction are equal and 
opposite then how does the cart 

Ans: First of all when A ae ul ills, onthe cart, the cart exerts an equal but 


action then the horse ai “neue indeed remain stationary. 
However t va nother force between the horse and the ground. The 
horse's hooves’ p press. down on the ground and the ground pushes back on the 


horsey AWN 
A F the reaction force of the ground is greater than the reaction force of the 


cart on the horse, then the horse will move forward. The cart will move forward 
when the force exerted on it by the horse is greater than the frictional force between 
the cart and the ground. 
3.11 What is the law of conservation of momentum? 
Ans: Law of conservation of momentum: 

The momentum of an isolated system of two or, more than two interacting 
bodies remains: constant. 


Examples: 
Consider the example of an air-filled balloon as described under the third law 


of motion. In this case, balloon and the air inside it form a system. Before releasing 
the balloon, the system was at rest and hence the initial momentum of the system 
was zero. As soon as the balloon is set free, air escapes out of it with some velocity. 
The air coming out of it possesses momentum. To conserve momentum, the balloon 
moves in a direction opposite to that of air rushing out. 


Explanation: 
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Case I: 

Consider an isolated system of two spheres of masses m. and m2. They are 
moving in a straight line with .nitial velocities u and y; rescective'y such that u, is 
greater than us. Sphere of mass m. approaches the sphu“e of mass m; as they 
move. 

Initial momentum of mass T- = miu: 
Initial momentum of mass m; = Mou, 
Total initial momentum of the system before collision = mu, + MU «0... (i) 


Case II: 
After sometime mass m, hits mz with some force. According to Newton's 
third law of motion. m, exerts an equal and opposite reaction force on m, Let their 
velocities become v, and v; respectively after collision. Then 
Final momentum of mass m, = miv; 
Final momentum of mass m; = m2v; 
Total final momentum of the system after collision = miv, + mzv2 
According to the law of conservation of momentum A A 
Total initial momentum of Total final 
The system before collision ol: {th 1 


Equation (n) snows that the mome ‘isolated system before and after 
collisions remains the same jaw of conservation of momentum. Law of 
conservation of moment ortant law and has vast appiications 
3.12 Whyist rvation of momentum important? 


ation rat momentum is applicable on all objects in the 
universe. A-Ockeé jet engine taking off. the recoi' of a gun, and a bank-shot ina 
pool arakon ples which demonstrate the importance of iaw of conservation of 
moment 

3.13 When a gun is fired, it recoils. Why? 

Ans: Recoil of gun: 

Consider a system of gun and a bullet. Before firing the gun, both the gun 
and bullet are at rest. so the total momentum of the system is zero. As the gun is 
fired, bullet shoots out of the gun and acquires momentum. To conserve momentum | 
of the system, the gun recoils. 

. According to the law of conservation of momentum, the total momentum of 
the gun and the bullet will also be zero after the gun is fired. Let m be the mass of 
the bullet and v be its velocity on firing the gun; M be the mass of the gun and V be 
the velocity with which it recoils. Thus the total momentum of the gun and the bullet 
after the gun is fired will be; 

Total momentum of the 
gun and the bullet after] = MV + mv ........... (i) 
the gun is fired 
According to the law of conservation of momentum 
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gun and the bullet after gun and the bullet before 
the gun is fired the gun is fired 

MV + mv =0 
or MV =-mv 
Hence. =o (ii) 

Equation (n) gives the velocity V of the gun. Negative sign indicates that 
velocity of the gun is opposite to the velocity of the bullet, i.e., the gun recoils. Since 
mass of the gun is much larger than the bullet, therefore, the recoil is much smaller 
than the velocity of the bullet. 

3.14 Describe two situations in which force of friction is needed. 

Ans: i. Friction is needed to walk on the ground. 

ii. It is risky to run on wet floor with shoes that have smooth soles. 
Athletes use special shoes that have extraordinary ground grip. Such 
shoes prevent them from slipping while running fast. 

iii. To stop our bicycle we will apply brakes. The rubber pads pressed 
against the rims provide friction. It is the friction that t Shoes the 
bicycle. a AL 

3.15 How does oiling the moving parts of a machine loser Friction? 

Ans: The friction can be reduced by lubricating the sliding-su faces: ’ 

The oil helps slick (polished) the two surfaces a thatthe molecular surfaces 

become easier to slide on with less friction. y$ j 

3.16 Describe ways to reduce friction: 

Ans: Methods of reducing, friction: ) 

(i) The friction can be reduce ced by making the sliding surfaces smooth. 

(ii) The friction can (be teduced by making the fast moving objects a streamline 
shape. (fi sh) yshape)’ ‘such as cars, aeroplanes, etc. This causes the smooth 
flow of air and ‘thus minimizes air resistance at high speeds. 

(iii) > The friction can be reduced by lubricating the sliding surfaces. 

(iv) /The friction can be reduced by using ball bearings or roller bearings. 
Because the rolling friction is lesser than the sliding friction. 

3.17 Why rolling friction is less than sliding friction? 

Ans: Sliding friction: 

A force between the sliding objects which opposes the relative motion 
between them is called sliding friction. 

Rolling friction: 

Rolling friction is the force of friction between a rolling body and a surface 
over which it rolls. Rolling friction is lesser than the sliding friction. 

Explanation: 

When a certain body rolls over the surface of another 
body, it has the contact with the surface only at a single 
point. As there is no relative motion between the two bodies 
at this point, therefore, sliding friction is zero. However, 
practically, the’ wheel is compressed a little temporarily at 
the contact point of the two surfaces under pressure. 
Because of that little sliding friction, the rolling friction is 


(eon momentum ater) ( Total momentum of the 
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produced. 

But when a body moves over the surface of another body, there is relative 
motion between the two surfaces, thus, friction has some maximum value. That is 
why the rolling friction is less than sliding friction. The rolling friction is 100 times 
less than sliding friction. 


3.18 What you know about the following: 


(i) Tension in a string (ii) Lim iting force of friction 
(iii) Braking force (iv) Skidding of vehicles 
(v) Seatbelts (vi) Banking of roads 


(vii) Cream separator 
Ans: (i) Tension in a string , 
"The force exerted by a string when it is subjected to pull is called tension 
in the string". 
if a person is holding a block of weight W attached to the end of a string, a 
force is experienced by him. This force is known as Tension. When the body is at 
rest, the magnitude of tension is equal to the weight of the body 
suspended by the string. Tension and the weight acts in the opposite 
direction. 
Unit of Tension: 
In S.I. system: newton 
In C.G.S. system: dyne 
In F.P.S. system: pound 
(ii) Limiting force of friction p 
The maximum value of La , 
depends on the normal reacti | 
contact. F, = uR 
(iii) Braking fo 
Friction bet 


mas t 1e force of limiting friction (F,). It 
piessing force) between the two surfaces in 


JP 


, en a rotating component (the drum or disc) and a stationary 
e-brake shoe or pad) causes the drum or disc to slow down such a 
d braking force. 
[here are four main aspects which will determine the amount of braking 
force that a system can generate: 
i. The diameter of the disc 
ii. The friction material 
iii. The size of the pad friction face 
iv. The force used to ctamp the pads onto the disc 
The greater the diameter of the disc, the further from the centre of the wheel the 
braking force can be applied. This in turn will generate a greater braking force, or 
torque, on the disc. 
(iv) Skidding of vehicles 

Skids usually occur while driving when the clutch is suddenly engaged or 
disengaged, the brakes are applied too hard, the vehicle accelerates too quickly or 
the steering wheel is turned too sharply. These can create a situation where power, 
either too much or too little, causes a loss of traction. 

If the brakes are applied too strongly, the wheels of the car will lock up (stop 
turning) and the car will skid due to its large momentum. It will lose its directional 
control that may result in an accident. In order to reduce the chance of skidding, it is. 
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advisable not to apply brakes too hard that lock up their rolling motion especially at 


high speeds. 


(v) Seatbelts 
In case of an accident, a person not wearing seatbelt wii! continue moving 


until stopped suddenly by something before him This something may be a 
windscreen, another passenger or back of the seat in front of him/her. Seatbelts are 
useful in two ways: 


° They provide an external force to a person wearing seatbelt. 

° The additiona! time is required for stretching seat belts. This prolongs the 
stopping time for momentum to change is and reduces the effect of 
collusion. 


(vi) Banking of roads 
The curvature of the road must be inclined so as to control the Centrifugal 


force of the Vehicle. 
Banking of road means to make the road to slide towards the center of ' 
curvature with an angle. It is helpful because if the velocity of car is more or there is 
less friction between the tyres and the road which 
reduce the danger of car to move out of circular track. 
Explanation: 
When a car takes a turn, centripetal force is needed 
to keep it in its curved track. The friction betweer the 
tyres and the road provides the necessary centripeta 
force. The car would skid if the force 
between the tyres and the roae Ny 
enough particularly when the S 
problem is solved by bankini 
(vii) Cream separator—\ 


i Outer edge of 
the curved road is elevated to 
prevent skidding. 


! arious products. A separator is a high-speed spinner. It acts on 

inciple of centrifuge machines. The bow! spins at very high speed 
e heavier contents of milk to move outward in the bow! pushing the lighter 
contents inward towards the spinning axis. 

Cream or butterfat is lighter than other components in milk. Therefore, 
skimmed milk, which is denser than cream is collected at the outer wall of the bowl. 
The lighter part (cream) is pushed towards the centre from where it is collected 
through a pipe. 

3.19 What would happen if all friction suddenly disappears? 
Ans: If there was no friction then we could not walk, we would keep slipping. 
Nothing would be steady on the ground, many things would be just sliding and 


sliding. 
3.20 Why the spinner of a washing machine is made to spin at a very 


high speed? 
Ans: The dryer of a washing machine is basket spinners. They have a perforated 
wall having large numbers of fine holes in the cylindrical rotor. The lid of the 
cylindrical container is closed after putting wet clothes in it. When it spins at high 
speed, the water from wet clothes is forced out through these holes due to lack of 


centripetal force. 
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“PROBLEMS 


3.1 A force of 20 N moves a body with an acceleration of 2 ms’. What 


is its mass? (10 kg) 
Solution: Force =F=20N 
co Acceleration = a = 2 ms? 
Mass = m=? 
F=ma 
or m= : 
m= = = 10 Kg 
3.2 The weight of a body is 147 N. What is its mass? (Take the value of 
g as 10 ms”) (14.7 kg) 


Solution: Weight = w= 147N 
Acceleration due to gravity = g = 10 ms’ 


Mass m=? 
w=mg 

w 

or m=— 
y 


3.3 
falling? 
Solution: 


3.4 Find the acceleration produced by a force of 100 N in a mass of 50 kg. 


(2 ms’) 
Solution: Force =F = 100N 


Mass = m = 50 kg 
Acceleration = a = ? 
F=ma 

or a=— 
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A body has weight 20 N. How much force is required to move it 
vertically upwards with an acceleration of 2 ms? ? (24 N) 


Solution: Weight = w = 20N 


Now, 


3.6 


Solution: =52kg and 


3.7 


Acceleration = a = 2 ms” 
Vertically upward force (tension) = T = ? 
Frei =T-w 

or ma=T-mg 

or ma + mg =T 

or T=m(a+qQ) ................. (i) 


=2kg 
Putting the value of m in Eq.(i), we get 
T = 2(2 + 10) 
= 2(12) 
T=24N 
Two masses 52 kg and 48 kg are attached to the ends of a string 
that passes over a frictionless pulley. Find the tension i he s 


baie (500-4 0.4 ms’) 


‘i. Tension 
(ii) Acceleration 


T 52448 10 
a=— x10 
100 
a =0.4 ms? 


Two masses 26 kg and 24 kg are attached to the ends of a string 
which passes over a frictionless pulley. 26 kg is lying over a smooth 
horizontal table. 24 N mass is moving vertically downward. Find 
the tension in the string and the acceleration in the bodies. 


(125 N, 4.8 ms”) 
Solution: m,=24kg and = mp = 26kg 

(i) Tension in string T=? 

(ii) Acceleration a=? 

. -~ Mm 

(i) T 7 m+ mz 9 

_ 24x 26 6240 ie 
Tean” x10 =—— = 124.8 = 125N 
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(ii) a=—“-g 


my) Me 


a= x10 = = x10 = 4.8 ms? 
3.8 How much time is required to change 22 Ns momentum by a force 
of 20 N? (1.1 s) 
Solution: Change in momentum = P; -.P,= 22 Ns 
Force = F = 20N 
Time =t =? 
Py- Py 
Fe ; 
or t= Aia 
F 
t=<=115 
20 


3.9 How much is the force of friction between a wooden block of mass 
5 kg and the horizontal marble floor? The coefficient of friction 
between wood and the marble is 0.6. (30 N) 

Solution: Mass = m = 5kg 

Coefficient of friction = u = 0.6 

Force of friction = F, = ? 

F, =uR (where R = mg) ş 

ip = umg 
=06x5x10=30N 

3.10 How a centripetal shoes is 
kg to move in.a circle of ra 

Solution: Mass = m=0.5 

Radius Nim 


yor d 


e a body of mass 0.5 
a pense 3 ms?? (9N) 


cm == 0.5m 


Asm orce = =F. = 2 


mv? 
ses ae 
osar 
F. = 
osn9 4.5 
~ os sI MUN 
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